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ABSTRACT Salmonella enterica subsp. enterica serotype Typhimurium sequence type
313 (ST313) is most commonly associated with invasive nontyphoidal Salmonella dis-
ease in Africa among patients with HIV infection and malignancy. Here, we report a
draft genome sequence of S. Typhimurium ST313, isolated from an elderly immuno-
suppressed patient from India with non-Hodgkins lymphoma.
Salmonella enterica subsp. enterica serotype Typhimurium sequence type 313 (ST313)is a novel sequence type identiﬁed solely in patients in sub-Saharan Africa with an
invasive disease often associated with advanced HIV infection and malignancy (1). A
stool specimen from a patient with mantle cell lymphoma was cultured on Hekton
enteric agar following overnight incubation at 37°C, and a nontyphoidal Salmonella sp.
was identiﬁed following the standard protocol (2). The culture was then subjected to
matrix-assisted laser desorption ionization–time of ﬂight mass spectrometry (MALDI-
TOF MS) and serotyped at the National Institute of Cholera and Enteric Diseases (NICED)
(Kolkata, India), identifying it as S. Typhimurium. DNA was extracted and subjected to
PCR for the detection of virulence genes, which showed positive results for the genes
invA, spvC, sopB, and stn. The extracted DNA was consigned to the Technical University
of Denmark for whole-genome sequencing (WGS) and further analysis.
The genomic DNA was extracted with an Invitrogen Easy-DNA kit. The concentration
of the DNA was marked using a Qubit double-stranded DNA (dsDNA) broad-range (BR)
assay kit. The genomic DNA was formulated for Illumina paired-end sequencing
utilizing the Illumina Nextera XT1 guide (number 150319425031942) following protocol
revision C. Fragments of pooled Nextera XT libraries were charged onto an Illumina
MiSeq reagent cartridge by using a MiSeq reagent kit (version 2) and 500 cycles with
a standard ﬂow cell. The libraries were sequenced by applying the Illumina MiSeq
platform and MiSeq Control Software version 2.3.0.3. The strain was paired-end se-
quenced. The raw reads were assembled using the Assemble pipeline (version 1.0),
accessible from the Center for Genomic Epidemiology (CGE) (http://cge.cbs.dtu.dk/
services/all.php) on the basis of Velvet algorithms for de novo short read assembly (3).
The genome is a draft version with 79 contigs, and the genome size is 4,926,711 bp with
52.1% GC content. It contains 4,654 genes.
The assembled sequences were analyzed using bioinformatics tools available from
CGE. This process included identifying the ST using the multilocus sequence typing
(MLST) tool (version 1.7) (4), which detected the sequence type as ST313. The ResFinder
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FIG 1 Phylogenetic tree of Salmonella Typhimurium ST313 strains isolated from the United Kingdom, Africa, and India. CSI Phylogeny 1.4 (Call SNPs & Infer
Phylogeny) (https://cge.cbs.dtu.dk/services/CSIPhylogeny/) was used to build the single-nucleotide polymorphism (SNP) tree. CSI Phylogeny calls SNPs, ﬁlters
the SNPs, does site validation, and infers a phylogeny based on the concatenated alignment of the high-quality SNPs. The FigTree tree ﬁgure drawing tool
(version 1.4.3) (2006–2016) (http://tree.bio.ed.ac.uk/software/ﬁgtree/) from the Andrew Rambaut Institute of Evolutionary Biology, University of
Edinburgh, was used to display the phylogenetic tree.
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3.0 tool (5) detected no antimicrobial resistance genes. The genomes of previously
described African and UK ST313 isolates were downloaded from the ENA database and
compared by WGS-based single-nucleotide polymorphism analysis with the Indian
ST313 isolate using CSI phylogeny (version 1.4) (6) to investigate phylogenetic rela-
tionships (Fig. 1). The phylogenetic tree analysis demonstrates that the sequence most
closely related to that of the Indian ST313 isolate was the UK ST313 isolate (Sequence
Read Archive number SRR1645768). Unlike the African ST313 isolate, the Indian ST313
isolate was widely associated with acute gastroenteritis and was susceptible to anti-
microbial agents (7). There was a lack of association between the isolate source and
travel to the United Kingdom or Africa in this present case. Discovery of a single strain
of ST313 in India that is responsible for acute gastroenteritis and positive for invasive
genes reveals a previously unknown diversity in ST313. This study in a developing
country like India highlights the importance of the widespread introduction of WGS
technology, which enables understanding of the epidemiology and microbiology of
infectious diseases.
Data availability. This whole-genome sequencing project has been deposited
in the NCBI Sequence Read Archive under the accession number ERR2676743
(BioProject number PRJEB27562). According to a PubMed search, this is the ﬁrst time
that ST313 has been found outside sub-Saharan Africa and was not associated with any
reports of travel to the African continent.
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